We present preliminary results obtained by a novel difference method for the study of the nature of the knee in the energy spectrum of the primary cosmic radiation. We have applied this method to data from the GAMMA experiment in Armenia. The analysis provides evidence for the possible existence of a nearby source of primary cosmic rays in the Southern hemisphere.
Introduction
Up to an energy of ∼ 3 × 10 15 eV, the energy spectrum of the primary cosmic radiation (PCR) is well described by a power law with an index of 2.7. At higher energy the index increases rapidly to 3.1 creating the knee in the energy spectrum. It is now more than 50 years since the knee was discovered [1] , but its nature is still the subject of intensive discussions due to its importance for understanding the origin of cosmic rays in general. In spite of many attempts to explain the origin of the knee, none of the proposed explanations is generally accepted. The main reason for this is the difficulty of obtaining a direct experimental evidence for individual PCR sources, caused by the multiple deflections of the charged particle trajectories in the chaotic and regular magnetic fields in the Galaxy. On a large scale, the propagation of the PCR particles is close to a
Brownian and can be considered as a diffusive transfer.
At present there are 3 basic astrophysical models describing the behavior of the PCR in this energy range:
• The diffusion model [2] , in which the knee appears as a result of the increased leakage of particles from the Galaxy with rising energy. Since magnetic fields bend heavy nuclei more than light nuclei, protons leave the Galaxy first followed later by heavier nuclei.
• The model of limited energy [3] , which suggests that the knee reflects the maximum energy to which protons are accelerated in the shells of Galactic supernova remnants.
• The model of a nearby source [4] , where the spectrum of particles from this source is superimposed on the smooth Galactic spectrum and creates an excess in the knee region which causes the break of the energy spectrum.
The GAMMA experiment
The present attempt to study the origin of the knee is based on the investigation of the diffusion character of the PCR propagation in the Galaxy, and was carried out using the last 3 years experimental data of the GAMMA experiment. GAMMA is located on Mt. Aragats in Armenia at 3200 m a.s.l.
(corresponding to 700 g/cm 2 atmospheric depth). The geographical coordinates are l = 40
• 28 12 N, λ = 44
• 10 56 E. The GAMMA array registers extensive air showers (EAS) in the energy range 10 14 −10 17 eV with the help of the surface and underground scintillation detectors. The detailed description of GAMMA, its technical characteristics and the main data available up to date have been presented in [5, 6, 7, 8, 9] .
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EAS with the number of charged particles N e > 10 5 , zenith angles of θ < 40
• in the laboratory coordinate system and the axes with radius of R < 60 m from the center of the GAMMA array are selected for the current analysis. The total number of EAS is 3.382.892 taken over an effective life time of 11544 hours.
During the primary treatment of the experimental data the following characteristics of the registered EAS were calculated:
• coordinates X and Y of the shower axis relative to the center of the GAMMA array;
• zenith and azimuthal angles θ, ϕ in the laboratory coordinate system;
• EAS size N e and number of muons N µ ;
• the so-called "lateral age parameter" S, calculated from the lateral distribution function in the Nishimura-Kamata-Greisen (NKG) approximation;
• primary energy E 0 , calculated by the method described previously [6] using the EAS parameters N e , N µ , S, θ;
• Greenwich arrival time.
For each EAS the angular coordinates θ, ϕ in the laboratory coordinate system were converted to the horizontal astronomical coordinates ξ, h in the following way: h = 90
• − θ (instead of zenith angle θ the height above the horizon has been used) and ξ = 286
• − ϕ, since the "North" direction of the GAMMA installation is turned 16
• to the East relative to the real North [9] . The count of ϕ angles was conducted from "East" counterclockwise. In the astronomical horizontal coordinate system the count of ξ is clockwise from the South.
The arrival direction for each EAS (α -right ascension, δ -declination) for the equatorial coordinate system was calculated from the horizontal astronomical system by the standard formulae using as well the geographical coordinate of the installation and the EAS arrival time. In addition, equatorial coordinates for each EAS have been recalculated to the Galactic coordinates (l -longitude, blatitude). The correctness of the recalculation was checked by the astronomical utilities [10] . The total error of the recalculation from the laboratory system to the Galactic system was no more than 10 angular minutes for the period between 1960 and 2060.
Method for the analysis of the experimental data
This method is based on two natural assumptions.
1. According to many experimental results [11] incoming EAS with primary energies of 10 14 − 10 17 eV are isotropic to a level better than 1%. This is due to the presence of numerous sources and to the large-scale diffusion transport of charged particles from the sources to the Earth. It is assumed that under these conditions for a rather big number of registered EAS and not too a large distance between source and the Earth, the contribution of a particular source to the EAS from the source direction will smoothly decrease with the rising angle between the source direction and the direction of the incoming EAS. This is the consequence of the diffusive character of the transport. The maximum contribution is expected from the direction to the source, the minimum contribution -from the opposite direction.
With increasing distance to the source, the angular distribution of the incoming charged particles will become wider and tend towards an isotropic distribution, where the difference of contributions from the source and the opposite direction becomes invisible (the limit to the region of the methods sensitivity). Such an approach can be also applied to the other EAS characteristics that depend on the angle of scattering (for example, the PCR mass composition).
2. It is also assumed that the GAMMA installation operates with the same aperture independently of time of the day and season. This provides the same observational conditions for different directions as the Earth rotates.
It is the common requirement for the stable operation of the experimental installation.
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The difference method for the test of the knee models at ∼ 3 × 10 15 eV was suggested in [12] . The difference (more accurately -the diffusion-difference)
method for the analysis of experimental data, assuming the diffusive character of the PCR propagation in the Galaxy, is as follows. The whole celestial sphere in the Galactic coordinates is divided into two (typically unequal) parts: one in the given direction (l 0 , b 0 ), the other -in the opposite direction (l 0 −180
division is made in a way that the number of events for both samples is the same.
The characteristics of the EAS from these two parts of the sky are compared with one another. For both sets of events the experimental distributions of the EAS parameter selected for the analysis (or of the combination of several parameters) are calculated. Since both sets have been reduced to equal conditions, these distributions can be subtracted from one another to study possible differences.
The reduction to equal conditions means taking the same limits of intervals Taking into account assumptions 1 and 2 it can be said that for n = n anti the observation periods for the two parts of the celestial sphere are equal, and any additional validation of the conditions for the EAS registration efficiency is not required. In the difference method the common background and the possible methodical errors are subtracted automatically, because they are the same for both sets. The error in the assignment of EAS to the incorrect sample at the boundary region due to the errors in the angle estimations does not matter much. The EAS characteristics are practically similar to each other for close arrival angles and they are subtracted as a common background.
The numerical parameter for the difference of two distributions is χ 2 /J, where being the number of events in the two parts of the sky for the given interval i of the parameter under study). The root-mean-square error of this difference is calculated from the Poisson distribution as
where n i is total number of events in the interval i over the whole observational 
Experimental results
As an experimental parameter, the EAS age parameter S has been chosen because of its weak dependence on the primary energy and on the EAS incoming angles in the laboratory coordinate system. This is a formal parameter derived by fitting the lateral distribution function in the Nishimura-KamataGreisen (NKG) approximation to the detectors response. This parameter is not the "pure" age of the longitudinal development of the electromagnetic cascade, which is calculated in the cascade theory, but it is linearly correlated to it. The parameter S is small at the beginning of a shower's development. It is equal to about 1 at the shower maximum and increases with atmospheric depth. The S distribution has a Gaussian shape around its mean value. The average age of proton primaries is smaller than that for heavier nuclei since the latter start developing higher in the atmosphere.
We have scanned the (l 0 , b 0 ) plane in order to find the maximum value of χ 2 /J (see Fig. 1 ). The range of studied directions is l 0 = 0 • ÷ 180
• and
• . The local maximum of the χ 2 /J distribution was found in the direction l 0 = 97
• since we get the maximum by comparing opposite directions).
The dependence of the number of EAS in the direction of l 0 = 97
• (H > 0.55) and in the opposite direction (H < 0.55, l 0 = 277
• ) as a function of the S parameter are presented in Table 1 .
In Fig. 2 we present a comparison of the zenith angle distributions for both regions H > 0.55 and H < 0.55. This is in order to investigate if the found maximum of χ 2 /J might be the result of different zenith angle distributions in both regions of H which possibly could fake this maximum and also the following results. We observe a very good coincidence of the two distributions at θ < 25
• but a small difference at 25 To make sure that the effect seen for the full investigated range of zenith angles (Fig. 3a) is not due to the small differences seen for θ > 25
• (see Fig. 2 ), we show the distribution also for the restricted range of θ < 25 • (Fig. 3b) . The statistics for θ < 25
• is two times less than for θ < 40
• , but the shape of the difference curves as well as the position of the χ 2 /J value are the same for both angular ranges within the errors. Therefore the influence of methodical effects connected with different zenith angle distributions in the opposite regions of H is considered negligible.
We observe a deficit of showers with small S for H > 0.55 which is equivalent to an excess of showers with small S for H < 0.55. This indicates a higher contribution of light nuclei for H < 0.55 -i.e. of those nuclei, which have a higher probability to contain any directional information not washed out by diffusion processes. Table 2 and Fig. 4 show the dependence of the parameters m i E that this region has a stronger contribution of protons than the higher energies where iron PCR are supposed to dominate. Indeed we observe an excess of PCR in the knee region and slightly above.
Discussion
The S distributions for the opposite directions are very similar, but the parameter χ 2 /J indicates a marked difference. The maximum value of χ 2 /J for the points l 0 = 97
with 17 degrees of freedom. This is a very large value. For a random spread (H > 0.55) to the direction of maximum χ 2 /J (although determined with a poorer angular precision than the latter). Table 2 and It is probable that the registered excess explains the trend to a heavier PCR mass composition at energies above the knee (see [14, 15] ) as well as the decline of the parameter S with rising energy in the region below the knee with its further constancy and, probably, a subsequent increase [16, 8] . Such a decline of the S parameter is more rapid than could be expected from the shift of the EAS maximum down with increasing energy.
Based on the obtained preliminary results it is impossible to say, if the excess forms the knee entirely or that the contribution of other sources is possible too, because only an excess was registered, but not an absolute value of the flux from the source.
Only one source is discovered within the radius of the method's sensitivity.
Perhaps it is the Vela supernova remnant including sources Vela X and Vela Jr.
Most likely the existence of the diffusion process for the PCR is registered on the way from the nearby source to the Earth. This process initiates a reduction of the mass in the PCR mass composition and, correspondingly, rejuvenation of the EAS in the knee region. The diffusion process in the direction of the Galactic Center -Anticenter is not observed within the limits of statistical sensitivity of the method.
Conclusion
We have presented a new method to reveal tiny anisotropies of primary cosmic ray particles, provided they consist of protons and heavier nuclei with different galactic diffusion coefficients. The main feature of the suggested method is a difference study of EAS characteristics but not their intensity in different directions. We have found the age parameter S to be the most suitable and physically motivated parameter. Other parameters may also be useful, and their combination with S may be even more powerful than S alone.
We have used data taken with a comparatively small device, the GAMMA detector in Armenia. We find an anisotropy which is maximal along the direction between the celestial coordinates l 0 = 277
• and the opposite sky position. The maximum of the excess at these coordinates turns out to be close to the Vela cluster. The effect has a high statistical significance, but yet we cannot exclude that it is caused by hitherto unconsidered systematic biases.
Therefore we suggest that other experiments, with different systematics, repeat the analysis with their own data.
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